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NOTICE

This report was prepared as an account of Government-sponsored work.

Neither the United States, nor the National Aeronautics and Space

Administration (NASA), nor any person acting on behalf of NASA:

A.) Make any warranty of representation, expressed or implied,

with respect to the accuracy, completeness, or usefulness

of the information contained in this report, or that the

use of any information, apparatus, method, or process

disclosed In this report may not infringe privately-owned

rights; or

B.) Assumes any liabilities with respect to the use of, or

for damages resulting from the use of any Information,

apparatus, method or process disclosed in this report.

As used above, "person acting on behalf of NASA" includes any employee

or contractor, to the extent that such employee or contractor of

NASA or employee of such contractor prepares, disseminates, or

provides access to any information pursuant to his employment or
contract with NASA, or his employment with such contractor.
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PREFACE

The objectives of the NASA Aerospace Safety Research and Data

Institute (ASRDI) are:

(a) To support NASA, its contractors and the aerospace

industry with technical information and consulting

on safety problems.

(b) To identify areas where safety problems and technology

voids exist and to initiate research programs both in-

house and on contract in these problem areas.

(c) To author and compile state-of-the-art and summary

publications in our areas of concern.

(d) To establlsh and operate a Safety Data Bank.

In pursuing these objectives, ASRDI has assumed the responsibility

for publishing two documents resulting from an effort initiated and

supported by the NASA Headquarters Safety Office (DY).

The first of these documents is:

General Electric Co., Daytona Beach., Manned Space Programs

Accldents/Incidents Summaries (1963-1969_ March 1970, NASA,

Director, Manned Space Flight Safety, NASN-410 (Safety Task),

NASA-CR-120998.

This document is being reprinted to fill current needs.

The second of these documents is:

Cranston Research Inc., Manned Space Programs Accident/

Incident Summaries (1970-1971_ April 1972, NASA Headquarters
Safety Office, Charles W. Childs, Program Manager, NASW-2225,

NASA-CR-120999.

This is the Initial printing of this report.

Frank E. Belles

Director of Aerospace Safety
Research and Data Institute
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FOREWORD

This document has been compiled to update the Manned

Space Programs accident�incident experience information pre-

sented In NASA Safety Program document, Manned Space Programs

Aec_dent/Ineldent Summaries, dated March 1970. It should be

used in conjunction w_th the March 1970 doe.,ment to obtain

full visibility of the ways of preventing repetition of

accidents/incidents in future programs.

The March 1970 document Is based on accidents/incidents

experleneed in the calendar years 1963 through 1969. This

doetm_nt is based on accident�incident experience in the

calendar years 1970 and 1971.

The statistical informatiGn in this document includes a

restatement of the s_Enlfieant statistical information in the

March 1970 S_,maries for comparison w_th the new information;

and an integration of the total information to provide statis-

tical stunmarles eoverin z some nine (9) years of Manned Space

Pr oE-eam aetlvlties.

As wlth the March 1970 document, the compilation of this

document was made possible through the understandln E and support

provided by management and safety personnel of NASA Headquarters,

NASA Field Centers, and NASA contractors.
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PART I, IN'rRODUCTION

Purpose and Objective

This compilation of accident/incident information relative to

space programs has been prepared as part of the _ISA Hanned

Space Fli_'[ht Sai-ety Prog%'am. The bmsic documentation of this

infommation _s co_icaine[. "n NA,qA Safe_' Program Doe, ,lent,

Hanned S.gace Pro?ra,,_s Accident/Incic_ent SunLnaries, Hatch

1970, on experience t!_-o'agh the calendar ,'e_rs 1963-].969.

This doet_ent is an ,p,]ate o; the b_s_e ,_oc_nent to add

accident/incident exnerienee <ained _urln_ calend_r yem_s

1970 and 1971. Ti_e objective oF this compilation is to con-

tribute to safet_ :::,,hal;in,- a-ailab!e _o -overnment agencies

an, indumtrial con_e_n._ .he s.[gni_cant lenso':s lear,;ed from

the ac:cide,li/incident e:-perience of Hanne,, Space Flight Pro-

grams. No reference _as beeu :an6e _J] the _m%mauies as to

locat-on, facil it.[es, comDanlem, o_.<an izat ions, pro(:ucts,

pmo,ql_ams, or indi_i(,uals ]nvolvel. T._e (zocca_e|_t has bee{l

preoared primorill, for the ,_-e of ,;,anage'.nent, s,:pervisory,

engineering, and sa_ety pcPsonnel on space pr_,_rams. For most

effective use in fu-uure pr_m,s, the inCividual accidents/

incidents recor_,ed herein .n_st be intcrp_._eced bY pro?;ram special-

ists for application to l:otent.ia], hazards of the particular

program or systems involveu. For the assistance of management

in evaluatJJ]9, the r,oten1ially hazardous p;,ases of a pmogram,

statistical sun_nar;es of cause factoms and ot _em si_ifieant



information pertaining to accident prevention in future pro-

grams has been provided.

B. Information Sources

The summaries contained herein were compiled from ex_stin Z

doctmlentat_on of accidents or incidents on Manned Space Flight

programs. In com[_ilin5 the omsic document, approximately

10,000 case documents were reviewed, from which a total of

509 summaries was selected. Records reviewed included exist-

in Z records of NASA Headquarters, I_SA Ficld Centers concerned

with space pro.%/mams, and eighteen (]8) contractors, associate

contractor's and subcontractors on space progra_,s. In co,npilinz

the .information for this _locument, over 5000 case documents

we_-e revie_;ed at NASA Headquarters, 5LASA field cente['s, and

f_ve (5) major contractors, remulLinZ in the selection of an

additional 223 sun_naries. No atteJ_pt _as made to summarize

anomalies which oeeux'red dur_!Z manued space flight missions.

The majorit,/ of the accidents/inci6ents selected occurred

6urinz various phases of the Apollo Program with the remainder

selected from other manned space programs.

C. Criteria T]se0

Each accident/incident summary contained in Part III has been

sun_narJzed by description, cause and reco_J_mended preventive/

eorl-ecti\,e action. The criteria us_l _ro1" each of these summary

secments are defined below:

m
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lo Descriptlon=_s

Accic!ents/incidents were selected from recoros on the basis

of the foll_in_ c_iteria:

6. An oceur_ence _,,l_ichreflected a si_nlflcant lesson of

import_mce to future prozrams.

b. T_le occurrence involve4 space p_,o_rsms fli_hZ vehicle

svstet,_s, hal-dv,Jareo__ ,_7_otu_(]suppo_ equipment an_

facilities proviJ.ng _ .[rect _Ip.oor_ to _psce _ro&-_ams.

c. T)e occurrence _csul_,:e(] in personnel fstallty/injuL'y,

and/or eeused danmge to program s-'stems, hard_are,

GHE and :_acil.!ties or resulted in e potentiolly hazard-

o,_s cond J.%ion.

The deserip_'on for ese:_ _cc-4ent/incident relates _-hat

hap._ened; ho,,.;it happened; the ,)base of the pro,_am activity

involved; ]'.,ardt_a_e)eq_,ip)nent and/or _:acilities damazed;

personnel in iur!e_ a,:d lstalit.Ces incurred or potenti_l

hazards created.

The deserlption ol _ has Ineluded _he event that

cairned the aceident/inci(]ent to occur, Fo_ exa_L_le, "'a _age

Dlew up an4 i_L_ured one pe_son d._in_ development test of sn

ensine, due to inadvertent cross connection of hi-oh and i(_

pressure systems.'" Here, the first order- cause factor was

Inelude6 as Ds_t of the descrlptic_ of what happened and pe_-

mlts concentration in the cause section on the second o_der

of causes related to wh_, it happened. This was done because

o



it is believed thet too often cause factors have not been

identified in suffieleni: depth to provide guidelines for

management or supervisory corrective programs.

1 Causes

The causes identified in the "Cause" sections reflect the

judgment of _ho reviewing teams based upon information pro-

vi'/ed in the accident/incident records. In many cases, the

reports were supplemented by discussions w_th ke_.1 people

to more accurately identify cause factors. The second order

cause factors considered were ]mrdwar_..._eeor software deficiencies,

as determ_uled b_ ' the following criteria:

a. }{a_lware Deficiencies

o _ter_al Failure - Material failure as used In cause

determinations was defined as any failure of materials

o_ c_nponents in develo[mlent tests at less than design

specification or failure under operational conditions.

o Des_Kn Deficiency - This cause factor was defined as

an':' desizn specification inadeqt_aey, resulting in

deficient hardware which contributed to the occurrence

of an aecident/ineldent. Factors considered were

omission of essential information, failure to specify

safety devices o_._ warnings, failume %o determine

stress/fa[-io_ue and other operational/interface factors,

errors in material selection, or clerical errcms in

drawings and specifications.

e
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o _teria!s Incompatlbilit _ - Materials incompatibility

was defined as any cause in which incompatible

materials were brought together through a design

error, installation error, or procedural error.

o Malfunctions - Malfunctions were defined as any

anomaly where a system, subsystem or component fa_led

to function as intended, resulting in conditions

_lich contributed to aeeidents/ineldents.

Software Defieleneies

o Procedural - A procedural deficiency was defined as

any case in which formal procedures contributed to

accident�incident causes as a result of failure to

prepare proeedur_s, failure to follow procedures,

deviations from procedures during a test, failure to

coordinate concurrent tests, omissions of essential

inforn_ation in procedures, clerleal errors in pro-

cedures, use of w_ong proeedLu_es, or failure to up-

date procedures.

Plar_nin_- A planning deficiency was defined as any

case whero the cause of an aecident/ineldent was due

to failume to properly plan prior to an event. In-

eluded in these considerations were lack of or

inadequate test planning, failure to perform pre-

operations hazard analysis, deficiencies in planning

for transportation, handling and storage, and failure

to dete_mlne necessary equlpment and personnel re-

sources for an operation.

5o



o Work Control - Work control deficiency was defined

ma any condition contributing to an accldent/incldent

during installation, maintenance, storage, cleaning,

_ repair, and fabrication of SYStems. Pactors con-

sidered as work control deficiencies were inadequate

records, inadequate area control, failure to exercise

proper control over materials, failure to properly

mar]< and identify equipment and failtme to define

work requirements.

o Man_a_ement/Supervisory- This cause factor was defined

to include errors in decisions, policies, or direct-

_ves which contributed to the occurrence of accident/

incidents. Included was failume to perform manage-

ment or supervisory responsibilities for planning;

training and certifying personnel; and failure to

perform personnel surveillance of critical activities.

o TraininK - This category was defined as any deficiency

in workmanship or duty performance in which lack of

training, briefing, certification or specific work

j_si-ructions contributed to an accident/incldent.

o Inspection - An inspection deficlmlcy was defined as

any condition cont-rl])uting to an occurrence in which

inspection was involved through failure to verify,

failure to maintain inspection records or errors in

inspection records.

e



e Recon_,ended Cor reetive/Preventlve Actio_

Ln this part, an effort was made to reflect all recom_enda-

tlans included in the reports reviewed. In many cases,

reconmlended correctlve/preventlve actians in individual

reports were keyed solely to the one event, and not necess-

arily broadly applicable to other similar events. Tn those

eases, the recommended corrective actions were evaluated

and extrapolated for application Eenerally to like systems

on future pro_Tams. Also, since cause factors were eon-

sidered in terms of hardware or software deficiencies, the

recommended eorreetive/preventlve action was zenerally

oriented to these cause factors.

e



_pART II, STATISTICAL S_Y

A. Approach

The statistical information presented in this document is de-

si_ned to present ooTaphically that information considered to

be of value to ,mnagement. The charts at the end of thJs Part

show the distribution of accidents by system categories, cause

factors and program activities. The information provided in

these charts represents accident/incident statistical informa-

tion over an approximate nine (9) year period. In each chart,

a bar-_Taph is presented to show accldent/incident experience

over :

i. The 1953 through 1969 period 0garch 1970 Summary period)

2. The 1970 and 1971 period [update period)

3. The 1953 through 1971 period (total period)

B. Findings

B v the method of display, management is provided with a basis

for relatin Z program events to accident/incident data for the

time periods shown. Some of the more siznificant information

shown in the charts is summarized belm_. Although the accidents/

incidents in the 1970-71 period generally followed the same

distribution as the 1963-69 period, there were some signlficant

chan_es over the last two (2) years.

i. Distribution by Systems

Of the ten _0) system categories shown in Chart i, Pressure

Systems and Facility/Ground Support Equipment were the two
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systems having the highest percentage involvement over

the total period; although there was a significant de-

crease (2390'to _ in Pressure Systems involvement, and

a significant increase OB_ to 35c_ in Facility/Ground

Support Systems involvement in the 1970-71 period. The

pereent_e involvement over the total period for these

systems were:

a. Facility/GroLmd Support Systems 24_

b. Pressume Systems I_,4

Ordnance Systems continued to show the lowest involvement,

with no recorded accident/incident in the 1970-71 period.

Distrlbution. b;J causes

The distribution of ace-dents/incidents by cause factors

is shown in Chart 2. Software _eflciencies were a greater

contributor to accidents/incidents than Hardware deficiencies;

and procedures, work control and inspection were the most

slgnificsnt Software eat,se factors.

a. Hardware Deficiencies

Hardware deficiencies were, for the most part, related

to deslrsn deficiencies. The n_mbem of cases __m which

design deficiencies contributed zo or caused accidents/

incidents was sign_flcantly higher than those caused

by material failures or malfunctions, although the_e

was a si_qnificant decrease O_o' to I_@ in design de-

flciency causes in the 1970-71 perioc]. In 31_ of the

o
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732 cases, a desi_qn deficiency was identified, whereas

only 5_o'of the cases involved material failure as a

cause and only 5_ involved malfunctions. Material

failure causes increased (3% to 8_, and malfunction
L

causes decreased (8% to I_C) in the 1970-71 period.

Cases involving mglfunctions occurred mostly during

operational tests and manufacturing checkout. Like-

%_ise, the number of cases where material incompatibility

contributed to the cause of accidents/incldents was

relatively small, only _,_"ctof the 732 cases; however,

sor,le very serious accidents occul,red as m result of

this factor.

Software Deficiencies

The number of cases involvln_ procedural deficiencies

was significantly high and constituted the sinzle

largest contr_3)utor to accidents/incidents causes with

it_,_of the 732 cases. Likewise, the number of related

work con'_rol deficiencies vms quite high. This area

was a very significant factor _ accident/incident

causes and constituted the second largest contributor

with 3'3_:of _he 732 cases.

Nanazement or supe_visor? defici_mcies were involved in

7_ of the 732 cases. Six percent (6,°_ of the cases in-

volved planninz deficiencies and _ of the accidents/

incidents involved training deficiencies. In many

IO.
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cases, training deficiencies pertained to inadequate

]_owle_ze of the total operation. Individuals were

no_ well enough informed of other work zoing on con-

currently and/or _hat the previous shift had done as

shown 5y _he feet that 3_ of _he accidents/incidents

involved _ailume to transfer essential information

dumin_ shift chaIA,_es. Althou_h ____._soectiondefieiencles

were not the primary cause of accidents/incidents, in-

spectiun was a major contributing factor since many

aecidents/incldents could have been p_evented had there

been suffleient and timely inspection snd verificatlon.

For example, in Sg& of the cases, there were cross

eonnectiQna of lines or cables which could have been

prevented by inspection. Twenty-three percent (23_)

of the accidents�incidents involved inspection defici-

eneies.

Distribution by Pro_ram Activity

As records were reviewed, the accldents/incldents were identi-

fied to a proo_ram activity. The results of this compilation

are shc_vn in _art 3. As shown _i the chart, more of the 732

accidents�incidents occurred d,rin_ operational test and

checkout than in any other pro}_am activity, accounting for

q5% of the total. _nufacturin_ was also a si_niflcant

source of aceidents/inc;dents, with 34% of the cases oecurrin_

dumin Z this activity.

II.
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Distribution by Accidents vs. Incidents

The distribution of accidents�incidents was based on

NHB 1700.1 definitions _ype A, Type B, Incident) and the

identifications in the case documents reviewed. The

distributions are:

Period Accidents Incidents

1963-1969 17% 83%

1970-1971 13% 87%

1963-1971 I_ 84%

Distribution by Work Shift

The statistical summary of accidents/incidents by work

shifts revealed a _ather direct relationship to the level

of activity or the n[_nber of people involved in each shift.

With most of the work done on the day shift, as would be

expected, the majority of cases occurred on the first shift.

Althouzh risks r,layhave been hizher, per level of activity,

on second and tl,ird shifts, data was not available to make

this correlation. Distribution of cases by shift was as

follows:

period First Shift Second Shift Third Shift

1963-1969 65% 26% _

1970-1971 81% 1294 7%

1963-1971 70°_0 2_ _

12.
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Distribution by Calendar Quarters

The seasonal distribution of accidents/incidents by calendar

quarters was compiled as follows:

First Quarter

(Jan., Feb., Mar.)

Second Quarter 2q%

(April, May, June)

Third Quarter 27%
(July, Aug., Sept.)

Fourth Quarter 20%

(Oct., Nov., Dec.)

1963-69 1970-71 1963-71

2_,_ 3_; 2_o_

2ti% 2q%

2_o 25%

2#% 21%

Inls distribution could not be correlated to any particular

factor, and the variation in distribution was not enough to

be significant.

In jut les/Fa tal it ies/Dama_e

Records compiled on percentage of accidents/incidents which

_:ivolved in iuries, _atalities, or dar,mge showed the foll_ing:

_& OF THE TOTAL

1%3-69 1970-71 1963-71

In jur ies 15% 2_ 17%

Patalit ies i_ < 1% 1%

Damage _ardware, lacilit ies, 68% 66% 67%

equipment)

In a number of the cases, personnel injury or fatality, as

well as damage, occurred. A n[unber of incidents were included

in the summaries where there were no injuries, fatalities, or

damage, but the incident created a high hazard potential. For

13.
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these reasons, the percentages shown do not cumulatively

represent all the accidents/incidents summarized.

Human Error

Separate emphasis was not given to human error in identify-

ing cause faetors unless it was apparent in a report, be-

cause human error would be present to some degree in most

unplanned events. Emphasis was placed, however, upon

determing what eaused or eontributed to the human error

and, as the accident/ineident records were reviewed, a

notation was made as to whether or not human error was

directly involved in the cause of the accident. Based upon

a simple yes or n__oodetermination of direet or indirect human

error involvement, the followin_ percentages of cases in-

volved human error as a factor to the cause of aeeldents/

_neidents. The majority of these eases involved second-

order causes. Human error involvement could probably have

been identified in the remainder of the cases had more in-

formation been available:

1963-69 74_

1970-71 72%

1963-71 73%

The following percentages of cases, where an individual act

of carelessness or irresponsibility at the time of the

occurrence was the only cause, were identified:

]4.



1963-69 -: I%

1970-71 _

1963-71 -_ 3_

In practically all the cases there were indications that

management and supervisory deficiencies were indirectly

involved in accident/ineldent causes even though deficiencies

were not speeiflcally identified in the reports and documents

reviewed.

15.
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APPENDIX

GLOSSARY OF

ABBREVIATIONS, ACRONYMS AND TERMS

1

ACE
ASI '
ASME
CG
CO2
CRS
DB
ECS
EO
GH 2

He
Hz
KOH

LH2

N204
LUT

PSI
PSIA
PSIG
QC
QD
Q&RA
RCS
R&D

• RF
RPM
SCAPE
SCFM
TC
TCD
TCP
TPS
TPI
TV
TVD
UDMH
VDC

u

m

u

m

m

m

u

m

m

i

m

m

w

m

i

D

m

m

!

m

m

m

m

!

m

m

m

w

u

w

m

m

Automatic Checkout Equipment
Apollo Standard Initiator
American Society of Mechanical Engineers
Center of Gravity
Carbon Dioxide
Cold Rolled Steel
Design Burst
Environmental Control System
Engineering Order
Gaseous Hydrogen
Gaseous Nitrogen
Ground Support Equipment
Helium
Hertz (cps)
Potassium Hydroxide
Liquid Hydrogen
Liquid Nitrogen
Liquid Oxygen
Nitrogen Tetroxide
Launcher Umbilical Tower
Oxygen
Operational Checkout Procedure
Pounds Per Square Inch
Pounds Per Square Inch Absolute
Pounds Per Square Inch Gauge
Quality Control
Quick Disconnect
Quality and Reliability Assurance
Reaction Control System
Research and Development
Radio Frequency
Revolutions Per Minute
Self Contained Atmospheric Protective Ensemble
Standard Cubic Feet Per Minute
Test Control/Test Conductor
Test Checkout Directive
Test Checkout Procedure
Test Preparation Sheet
Threads Per Inch
Television
Toxic Vapor Disposal
Unsymmetrical Dimethylhydrazine
Volts, Direct Current
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APPENDIX (CONTINUED)

Accident

incldent

Cryogenics

"D" Water

Dewar

Hardware -

Software

"Hake" Bottle -

"K" Bottle

"Kluge"

Program Phase -

Program Activitl es-

A type A or B mishap as defined in the NASA
Safety Manual, NHB 1700.1 (VI)

A mTshap of less than accldenf severity as
defined in the NASA Safety Manual,
NHB 1700.1 (VI)

:fhe science of producing and the application
of low temperature processes below minus
150° F and the techniques involving handling,
storage and usage of liqu[fied gases. Examples
are hydrogen, oxygen and helium.

Distilled water.

A double walled metal vessel or tank, with
an evacuated space between walls, used for
storing fuels and propellants in a liquid state.

Any program component, subsystem, system,
module, stage or vehicle, plus any facility
equlpment and property, ground support
equipment (GSE) and other used in direct support
of program hardware.

Any formalized written policy, directive,
procedure, plan, specification, requirement or
analysis prepared as an essential tool in the
conduct of program activities.

A small pressure vessel or container used in
obtaining, handling and transporting gases
and liquids for sampling

A portable pressure cylinder or tank commonly
used as a pressure source.

A frequent|y used STang-term-'for a temporary or
unauthorized installatlon.

The four phases of a major research and development/
operations program as defined in the NASA Phased
Project Planning Guidelines, NHB 7121.2, August
1968 Edition.

Tasks, work, functions and responsibilities associated
with program hardware development/operatlons as
defined in NASA Phased Project Planning Guidelines,
NHB 7121.2, August 1968 Edition.

3e


